"Quantifying freshwater resource in coastal barriers: the joint use of transient electromagnetic and magnetic resonance soundings" by JM Vouillamoz et al.
1/ General comments:
C: 1. The title suggests not only freshwater resource but also hydraulic properties. A -> You are right, we will modify the title according to your remarks: Quantifying aquifer properties and freshwater resource in coastal barriers: an hydrogeophysical approach.
C: 2. Instead of a sequential inversion of the data, a coupled or joint inversion as pre-sented in several papers could further reduce ambiguity in the model and parameter uncertainty. Please make clear statements about existing works and justify why your approach is sufficiently valid.
A -> In the discussion paper, we only referred to the work of Hertrich and Yamaranci (2002) regarding the joint inversion (5267.L24). You are right, references on very recent works are missing but please note that 2 manuscripts have been published after the completion of our discussion paper (Günther and Müller-Petke 2012 & Behroozmand et al. 2012 ). We will update the statement of the existing works in the corrected manuscript. Hertrich and Yamaranci (2002) developed a joint inversion algorithm for MRS and VES which results in the differentiation of bound from mobile water. They demonstrated that their algorithm improves the model characterization as compared to the characterization obtained from the inversion of a single method, but their approach is limited in its application by the use of a simplified Archie's law. Vouillamoz et al. (2007) proposed a combined use of MRS and VES in the framework of a hydrogeological approach for quantifying hydraulic properties of a coastal aquifer. They demonstrated that inverting VES with a fixed geometry obtained from MRS significantly improves resistivity uncertainties and thereby the estimate of water EC. Based on numerical modelling, Behroozmand et al. (2012) demonstrated that TEM method is probably the best choice among complementary geophysical method to be used with MRS because of its superior resolution of conductive layers (as compared to DC resistivity). Conductive layers affect the magnetic field values and thereby the MRS response and the authors demonstrated the need for sufficiently deep and accurate resistivity information for MRS inversion. For reducing the error caused by incorrect resistivity values in the calculation of the magnetic field, Günther and Müller-Petke (2012) used an iterative approach for updating the MRS kernel in the framework of a joint MRS and VES inversion scheme. They found that no more than 3 iterations are needed. Behroozmand et al. (2012) developed a fast computation method for calculating the MRS kernel for each resistivity update in a joint MRS/TEM inversion scheme. They found that their joint MRS/TEM inversion scheme improves the determination of aquifer characteristics in conductive environments, and that the use of MRS diminishes the equivalence of the resistivity model. Moreover, they also showed that laterally constrain inversion of joint MRS/TEM results in a reasonable accurate estimation of smooth structures.
In our study, we selected TEM method for complementing MRS measurements, and we used a sequential inversion scheme. In contrast to the common stepwise inversion where the results of one method is used to define the starting model for the non constrained inversion of the other method (Behroozmand et al. 2012) , the sequential inversion is an iterative interpretation where the result of one method is used to constrain the inversion of the other one and so on. In our study, the sequential inversion uses the best of each method for constraining the inversion of the other one: the geometry of the salty-water layer obtained from a non-constrained TEM inversion is used to constrain the MRS inversion. Then, the depth to the saturated layer obtained from the MRS is fixed in a new TEM inversion. Note that the MRS inversion is conducted with a kernel calculated from the first TEM result. As showed by Behroozmand et al. (2012) , our sequential inversion introduces some errors in the resulting model because the kernel is not updated as it is done in a joint inversion scheme. For assessing the error introduced by our approach, we compare MRS response calculated with the appropriate kernel with MRS response calculated with kernel computed from the first resistivity model issued from TEM (Table 1 ). In our case, the resulting error in the MRS results is low because the salty-water layer (which has the greatest impact on the magnetic field) is reasonably defined by the first TEM inversion. We also checked how TEM equivalence problems introduce error in the kernel calculation. As showed by Legchenko et al. (2008) Finally, we compute the uncertainty of our results based on uncertainties in geophysical inversion (both MRS and TEM). We conclude that our sequential approach allows estimating groundwater reserve with a relative uncertainty of 30 to 50% ( A -> Yes, stating that there is no equivalence is not correct. However, please note that we did not write "no equivalence" but "about no equivalence". Obviously we will rephrase the sentences for avoiding any misunderstanding, because we perfectly agree that there are equivalences. In our case study with low noise level, the equivalence on the shallow highly conductive layer (seawater layer) is low: 15cm on the depth to the layer and less than 0.1 Ωm on its resistivity value for the max depth presented Figure 2 . This narrow range of equivalence on the shallow salty-water layer is one of the main interests of using TEM results for calculating magnetic field and constraining MRS inversion. 
C: 3. Synthetic modellings (sec. 2.3): Are the synthetic data contaminated with noise as usual and crucial? The resulting RMS is not necessarily a measure of the quality of the inversion result but is expected to represent the added noise.
A -> We computed synthetic data according to our real field case. Concerning TEM, we computed synthetic data considering the low noise condition of our survey area and considering the measurement capabilities of the TEMFAST 48 (AEMR) (see Figure 3) . We used a time range of 5 µS to 1.6ms (shaded zone in Figure 3) , with a coincident Tx/Rx square loop of 25 meters side, and we added 1% of noise. For the inversion of the synthetic data, the starting model was a 5 layers model (chosen according to our hydrogeological a priori). Then, we reduced the number of layers assessing the impact on the RMS. The smallest number of layers which provides a RMS comparable to the added noise (1%) was selected as the best fit output model. Concerning MRS, we computed synthetic data considering the low noise conditions of the surveyed area and the capabilities of the used device (Numis+, Iris instrument) (see Figure 4) : the loop size (25 meters side, 2 turns) and pulse duration (10 ms) were chosen to fit the shallow target, with a Larmor Frequency of 1720Hz and an inclination of the geomagnetic field of 17°N. 10nV of Gaussian noise was randomly added to compute synthetic data. 
C: 3. As there is a known equivalence of resistivity and thickness in TEM, 5269.3-4 is wrong, at least it is better for MRS (line 7) but there is always equivalence so that line 20 is wrong. The actual numbers (lines 19-24) depend on the noise level.
A -> As we mentioned earlier, we perfectly agree that there is equivalence. By "well determined" (5269.3-4) and "about no equivalence" (line 20) we intended "narrow range of equivalence": we will rephrase the sentences to avoid any misunderstanding. This narrow range of equivalence is obtained because of the low noise level. As you suggest, noisy data will generate a large range of equivalence and thereby invalidate our approach.
C: 3. The whole subsection lacks from a technical point of view and would mislead hydrologists.
References for the statements will be needed, there are some in MRS literature A -> In our discussion paper, numerical modelling and sequential inversion are only a subchapter because the paper does not aim at presenting a new inversion process tested on synthetic data and confirmed with field data. However, the balance between theoretical background (both hydro and geophysics) and results was not an easy task and we agree with your comment: we will give more details and references in the corrected manuscript about this issue.
C: 4. The interpretation of the temporal behaviour of the aquifer is in my opinion rather speculative and can probably not be answered by the presented data alone, e.g. further non-geophysical temporal data would be needed to prove the hypothesis that infiltrated water does not change the salinity interface.
A -> The behaviour of the aquifer is not explained by geophysical data alone: it is both explained by the monitoring of water level and EC at 65 locations ( Figure 5 ) and by 60 TEM monitoring (Figure 1 ). In the discussion paper we selected some demonstrative results (Figure 7 and 8 in the discussion paper) from the whole data set, but we mentioned all what we did.
We observed that both water table monitoring and MRS time lapse measurements indicate that the water table depth is almost constant at the monsoon time scale. On the other hand, both monitoring of groundwater EC and TEM time lapse measurements indicate a deepening of the salty-water interface after the monsoon, thus indicating infiltration of fresh-water ( Figure 5 and Table 2 ). The amount of rainwater which infiltrates and stays in the aquifer at the monsoon time scale is calculated as about 10% of rainfall, while instantaneous recharge calculated at the event scale is almost 100% of the rainfall. A -> Figure 9 just showed why the common electrical tomography was not appropriate in our case (dry sand and shallow target) because of the well known difficulty of ensuring galvanic contact between electrodes and dry sands. Of course it concerns only similar situation and for avoiding any confusion we will remove both the Figure and the corresponding text in the corrected manuscript (although reviewer#2 appreciated this section of the manuscript: not only presenting successful experiments but also less successful ones). Figure 4 : the 4th layer just over the bedrock is added because it significantly reduces the RMS (non noisy data). Moreover, this 4 th layer is geologically consistent.
C: Furthermore it is uncommon to specify the RMS for MRS in per cent, usual is nV since the ambient noise level does not depend on the data.
A -> Corrected.
C: You show the decay time of the aquifer. Can you make any implications to pore-related parameters or even hydraulic conductivity?
A -> We can estimate hydraulic conductivity/transmissivity as explained 5275 L1-6, but we did not want to add more information on this figure which is already loaded.
C: Fig. 6B hard to see anything, better show contour map of fresh/saltwater interface A -> We prefer to keep this figure because one can see not only the fresh/saltwater interface but also the depth of this interface as regard to ground level, and the depth to the bedrocks. This figure aims at illustrating the proposed methodology more than showing detailed results which are discussed in the text. Fig. 7 show also the measured sounding curves. Are the time differences significant in terms of resolution? A -> You are right, we should show the signals. We update the figure as below (Figure 6 ). Yes, the time differences are significant between February, July and October. 
C:

